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Abstract

Background: Previous studies showed that Heme Oxyge-
nase-1 (HO-1) level was markedly reduced in Polycystic
Ovary Syndrome (PCOS) which might highlight the role of
HO-1system in the pathogenesis and treatment of PCOS.

Aim of Study: The present study was done to study the
effects of the induction of HO-1 system by hemin on Letrozole
(LTZ)-induced PCOS in rats.

Material and Methods: 40 female rats were divided into
4 equal groups; normal control (I), hemin (II), LTZ (III),
hemin + LTZ treated (IV).

Results: After three weeks, LTZ administration induced
PCOS in female rats as evidenced by histological examination
and biochemical analysis. It significantly increased testosterone
level, LH and LH/FSH ratio compared with normal control
group. LTZ significantly decreased plasma adiponectin level,
ovarian Silent Information Regulator 1 level (SIRT1), Glu-
tathione-S-Transeferase activity (GST), HO-1 mRNA expres-
sion and ovarian B-Cell Lymphoma 2 (BCL2) expression
compared with normal control group. While, it increased
ovarian hydrogen peroxide (H,0,) level, ovarian BCL2
associated X (Bax) expression and Bax/Bcl2 ratio compared
with normal control group. Hemin administration antagonized
all these effects.

Conclusion: We could conclude that, hemin is a promising
drug for treatment of PCOS through its antioxidant, anti-
inflammatory and anti-apoptotic effects which can rise up the
possibility of involvement of HO system in pathogenesis of
PCOS.

Key Words: Heme oxygenase-1 — Polycystic ovary syndrome
— Letrozole.

Introduction

POLYCYSTIC Ovary Syndrome (PCOS) is an
endocrine disorder affecting 5-10% of the women
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in their reproductive period leading to infertility
[1]. It can be diagnosed by the presence of at least
two of three criteria: Excess androgen, chronic
anovulation and polycystic ovary on ultrasound
examination [2]. The cause of PCOS remains un-
clear and it is supposed to be multifactorial involv-
ing metabolic, oxidative stress and inflammation
3]

Various experimental models are used to study
the pathogenesis and the possible treatment of
PCOS. Letrozole (LTZ), a non-steroidal aromatase
inhibitor, prevents the conversion of testosterone
and androstenedione to estradiol and estrone re-
spectively so it is used to induce a PCOS model
that simulates human PCOS [4].

Hemin is produced in the body as a result of
the breakdown of hemoglobin. It induces the ex-
pression of Heme Oxygenase-1 (HO- 1) [5]. Previous
studies proved that hemin exert anti-inflammatory,
antioxidant and insulin sensitizing effects through
activating HO-1 system in rats [6]. In addition, there
are evidences that HO-1levels is markedly reduced
in non-obese female with PCOS compared with
healthy female which may highlight the role of
HO-1system in pathogenesis and treatment of
PCOS [7]. Therefore, the aim of the present exper-
iment was to study the effects of induction of HO-
1 system by hemin on LTZ-induced PCOS in rats
to explore its therapeutic potentials.

Material and Methods

Drugs and chemicals:

LTZ (trade name femara ®) was obtained from
Novartis Pharma AG, Basle, Switzerland/Suiza in
the form of tablet dissolved in normal saline [8].
Hemin was obtained from Carbosynth Ltd, [8,9]
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Old Station Business Park, Compton, Berkshire,
RG20 6NE, UK. Hemin was dissolved in 0.1M
NaOH, titrated to pH 7.4 with 0.1M HCI, and
diluted 1:10 with phosphate buffer (pH 7.4) [9].
Chemicals and solvents, used unless otherwise
described, were purchased from Sigma (Sigma
Chemicals Co., St. Louis, MO, USA). All other
chemicals and solvents were of high analytical
grade.

Animals:

Forty female (virgin; isolated since birth) wistar
albino rats weighing 170-200gm were used in the
present study. The animals were housed in clean
well-ventilated cages, 5 rats in each cage under
standard laboratory conditions (12: 12 light-dark
cycle, environmental temperature 25 £2°C and free
access to water and food) and allowed 2 weeks for
acclimatization before start of the experiment. All
experiments were performed during the same time
of the day between 9a.m and 12p.m. The experi-
mental protocol was reviewed and approved by
the Animal Care Review Committee at the Faculty
of Medicine, Tanta University (approval code no.
32306/05/18). The experiment was performed in
Pharmacology Department, Faculty of Medicine,
Tanta University from March 2018 to April 2018.

The rats were randomly divided into 4 groups
(10 each):

Group | (normal control group): Animals were
administered normal saline 0.5ml/rat/day orally
by gastric gavage for 3 weeks and hemin vehicle
0.5ml/rat by intraperitoneal route twice weekly for
3 weeks starting from first day of experiment.

Group Il (hemin group): Animals were admin-
istered hemin 15mg/kg intraperitoneal twice weekly
for 3 weeks [10].

Group Il (LTZ group): Animals were adminis-
tered LTZ 1mg/kg/day orally by gastric gavage for
3 weeks [9].

Group IV (hemin + LTZ treated group): Animals
were concomitantly administered LTZ and hemin
as described in Group 111 and Group |1 respectively.

Blood collection and tissue sampling:

At the end of the experiment, animalsin their
estrous phase were timed for scarification guided
by adaily vaginal smear [11] which depicted pre-
dominant non-nucleated cornified cells while only
few leucocytes and epithelial cells were observed
Fig. (1A). Blood samples were first taken by cardiac
puncture, under light anesthesia by diethyl ether,
as previoudly described by Beeton et a., [12]. Blood

was collected into plain EDTA tubes and plasma
was separated and stored in aliquots at —80°C till

used. After blood sampling, the animals were
sacrificed, ovaries were removed, rinsed with saline
to eliminate blood contamination and dried by
blotting with filter paper then divided into three
parts, one part was preserved in 10% phosphate
buffered formalin solution to be processed for

histopathological and immunohistochemical exam-
ination, and the other parts was then immediately

frozen at —80°C for biochemical and molecular
analysis.

Preparation of tissue homogenates:

Pieces of ovarian tissue were homogenized in
5 volumes of 50mM phosphate buffer (pH 7.4)
then centrifuged at 11,000xg for 15min at 4°C. The
supernatants were frozen at —80°C until the time
of analysis.

Biochemical assays:
Analysis of plasma hormonal profile:

The plasma levels of testesterone, Lutenizing
Hormone (LH) and Follicle-Stimulating Hormone
(FSH) were assayed by ELISA technique using
commercia supplied kits (Cloud-Clone Corp.,
Houston, USA) and calculation of FSH/LH ratio.
All ELISA techniques were done according to the
manufacturer's protocol and read on microplate
reader (Stat Fax®2100, Fisher Bioblock Scientific,
France), at 450nm with correction wavelength set
at 570nm.

Assessment of inflammatory and oxidative stress
biomarkers:

Plasma adipnectin and ovarian Silent Informa-
tion Regulator 1 (SIRT1) levels were assayed using
commercial supplied kits (RayBio Inc. Norcross,
Georgia, USA, Cloud-Clone Corp., Houston, USA
respectively) all ELISA techniques were done
according to the manufacturer's protocol and read
on microplate reader (Stat Fax®2100, Fisher Bi-
oblock Scientific, France), at 450nm with correction
wavelength set at 570nm. Biochemical assay for
tissue Glutathione-S-Transeferase (GST) activity
was analyzed as previously described by Habig et
al., [13] and hydrogen peroxide level (H 205) level
was analyzed using commercial kit supplied by
Biodiagnostic, Co. Giza, Egypt. Protein content
was performed according to the method of Lowry
etal. [14].

Estimation of ovarian relative heme oxygenase-
1 (HO-1) mRNA expression by real-time PCR:

Total RNA was extracted from frozen ovarian
tissues after processing using Qiagen RNeasy Total
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RNA isolation kit (Qiagen, Hiden, Germany) ac-
cording to the protocol provided by the manufac-

turer, followed by synthesis of the first strand using
Super-Script |11 First-Strand Synthesis System for
real-time PCR kit (Life Technologies, Carlsbad,
California, USA) according to manufacturer'sin-
structions. PCR reactions were performed using
Power SYBR Green PCR Master Mix (Life Tech-
nologies, Carlsbad, California, USA) following
the manufacturer'sinstructions. HO-1 mRNA tran-

scripts were quantified relative to the housekeeping
gene Glyceraldehyde 3-Phosphatede Hydrogenase
(GAPDH), which was used as an internal control.

Sequence specific primers were designed by Primer
3 software (http://bioinfo.ut.ee/primer3/) asfollows:
rat HO-1 (NM-012580): Up-stream: 5'- CGTGCA-
GAGAATTCTGAGTTC-3', down-stream: 5'-
AGACGCTTTACGTAGTGCTG-3 rat GAPDH
(NM _017008) forward primer (5'-
GGTGAAGTTCGGAGTCAACGGA-3) and re-
verse primer (5 "—
GAGGGATCTCGCTCCTGGAAGA-3). The ther-
mal cycling conditions were predenaturation (95°C
for 5min), followed by 40 cycles of denaturation
(95°C for 15s), annealing (60°C for 1min), and
extension (72 for 40s). Amplification and data
analysis were conducted on a Rotor-Gene Q 6plex
and its specific software (Qiagen, Vaencia, Cali-
fornia, USA). Relative gene expression was auto-
matically calculated using the comparative thresh-
old (Ct) method for the values of the target and
the reference genes.

Histological and immunohistochemical study:

The ovarian specimens were processed to get
5 g thiick paraffin sections and stained with He-
matoxylin and Eosin (H & E) [15].
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terstaining. Negative controls were done by replac-
ing the primary antibody with PBS [16].

Morphometrical analysis:

A Leicalight microscope (DM500, Swizterland)
coupled to aLeicadigital camera (ICC50, Swiz-
terland) was used for image acquisition and the
software “Image J' (Version 1.48v National Insti-
tute of Health, Bethesda, Maryland, USA) was
used for image analysis. Ten non-overlapping fields
from each slide were examined at a magnification
of 400-fold to quantitatively evaluate the following
parameters:

1- Mean thickness of granular and theca layer,
mean percentage of primary, growing and atretic
folliclesaswell asfollicular cystsin relation to
the total number of follicles. Additionally, mean
ratio of corporaluteato total number of follicles
was recorded.

2- Mean color intensity of positive Bax and Bcl2-
immunostained cells, it was calculated by sub-
tracting the color intensity of negative immuno-
histochemical control from the color intensity
of positively stained specimens in serial sections.
Faint brownish background was not considered
apart of the positive reaction and was eliminated
during the morphometric analysis. Subsequently,
Bax/Bcl2 ratio was calcul ated.

Satistical analysis:

The data were expressed as the mean £ SD.
Statistical comparison between different groups
was carried out using one-way analysis of variance
(ANOVA) followed by Tukey test (multiple com-
parison). Statistical tests were performed with
SPSS (IBM SPSS Stetistics for Windows, IBM
Corp, Version 23.0. Armonk, NY, USA). p-values

For immunohistochemical staining, five B0 .( o5 were considered statistically significant.

thick sections were dewaxed and rehydrated to be
incubated with 3% hydrogen peroxide in methanol
in humidified chambers to block endogenous per-
oxidase activity. Antigen retrieval was done by 2
rounds of microwaving for 20 minutes. Sections
were then incubated overnight at 4°C with rabbit
monoclonal anti-BCL2 Associated X (Bax)
(ab32503; Abcam, Massachusetts, USA), rabbit
polyclonal anti-B-Cell Lymphoma2 (BCL2)
(ab59348; Abcam, Massachusetts, USA). After
washing with Phosphate Buffer Solution (PBS),
sections were incubated with biotinylated goat anti
rabbit secondary antibody for 30 minutes and then
with streptavidin peroxidase conjugate for another
30 minutes followed by incubation with Diami-
nobenzidine (DAB) chromogen to detect immuno-
reactivity. Mayer's hematoxylin was used for coun-

Results

Effect of LTZ and hemin on plasma testosterone,
LH and FSH:

LTZ administration for 3 weeks significantly
increased the plasma levels of testosterone, LH,
FSH and LH/FSH ratio compared with normal
control group. While, concomitant administration
of hemin with LTZ significantly decreased them
compared with LTZ group and it could restore LH
level and LH/FSH ratio to normal valuesin group
V. Administration of hemin to normal rats did not
lead to significant changesin normal values of
plasmatestosterone, LH and FSH in Group 11
(Table1).
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Effect of LTZ and hemin on inflammatory and
oxidative stress biomarkers: The administration
of LTZ for 3 weeks could significantly increase
ovarian |, levelsand significantly decrease
plasma adiponectin and ovarian SIRT1 levels, GST
activity and HO-1 mRNA expression compared
with normal control group. However, concomitant
administration of hemin with LTZ could signifi-
cantly antagonize these effects compared with LTZ
group. Ovarian SIRT1 levels were restored to
normal level by hemin administration in group 1V.
Hemin administration to normal rats didn't affect
the normal levels of all aforementioned biomarkers
in Group Il (Table 2).

Histological findings:
H & E staining:

H & E-stained sections from control Group |
showed the normal histological structure of the
ovary composed of acortex covered by germinal
epithelium and a medulla with stromal cells and
blood vesselsin loose connective tissue. The cortex
showed ovarian follicles at different stages of
maturation embedded in a highly cellular stroma;
primary, primordial, growing, and mature Graafian
follicles. Multiple corporalutea were also observed
Figs. (1B,C). The primary follicle consisted of an
oocyte surrounded by a single layer of squamous
follicular cells. The growing follicles had afluid
filled-cavity surrounded by follicular granulosa
cells and peripheral fusiform thecafolliculi cells
Fig. (1D). The Graafian follicles consisted of an
oocyte with awell-defined zona pellucida, corona
radiata, many layers of granulosa cells, and fusiform
theca cells Fig. (1E). Moreover, section from
Hemin-treated Group Il revealed similar histol og-
ical findings as the control group Figs. (1F,G).

Examination of H & E stained sections from
LTZ Group 11 revealed multiple stages of follicular
development in the ovarian cortex; multiple grow-
ing, Graafian follicles and corpora lutea, embedded
within an apparently proliferated ovarian stroma
Additionally, multiple follicular cysts and many
atretic follicles were detected. Highly vascular
medullary stroma could be also observed Figs.
(1H,1). Some fallicles contained numerous cystic
preantral cavities, their granulosa cdll lining showed
signs of vacoulation, some oocytes showed signs
of degeneration within the growing follicles Figs.
(1J,K). Some Graafian follicles showed signs of
degeneration of oocytes and corona radiate, some
follicles were surrounded by thickened granulosa
cellswith signs of vacuolation. Other follicles
showed mixed thecainterna and theca externa cells
Fig. (1L). Multiple large cystic follicles filled with

homogenous pink exudates were observed with
attenuated granulosa cell layer, where the inner
cellswere flat and epithelioid. Many atretic follicles
showed dilated antral cavity, thin granulosa cell

layers with many apoptotic nuclel, and some gran-
ulosa cells were detached into the antral cavity
Figs. (IM,N).

Examination of H & E stained sections from
LTZ and Hemin Group 1V revealed a near normal
ovarian structure with multiple stages of follicular
development in the cortex; multiple growing and
Graafian follicles as well as some corpora lutea.
Moreover, few follicular cysts and atretic follicles
could be detected. Moderately vascular medulla
was observed aswell Figs. (10,P).

Morphometrical analysis of the mean thickness
of granular layer and theca layer revealed a signif-
icant increase in granular layer thickness coupling
with a significant decrease in theca layer thickness
in Group |11 compared with the normal control
group, while anon-significant difference in both
parameters was recorded between Group IV and
control group (Table 3).

Morphometrical analysis of the mean percentage
of primary and growing (including Graafian) fol-
licles revealed a significant decrease coupled with
asignificant increase in mean percentage of atretic
follicles and follicular cystsin letrozole-treated
Group Il compared with the normal control group,
while there were no significant differencesin all
parameters between Group IV and normal control
group. Moreover, the mean ratio of corporalutea
to total number of follicles showed a significant
decrease in Group |11 compared with the control
group, while it did not show significant difference
between Group 1V and normal control group (Table
3).

Bax immunohistochemical staining:

Bax-immunohi stochemical-stained sections
from the normal control Group | showed that Bax
expression was generally stronger in the granulosa
cellsthan in the theca cells. Bax expression was
faint in primary follicles and moderately expressed
in growing and Graafian follicles. In contrast, it
was intensely expressed in atretic follicles Figs.
(2A-C). Moreover, section from Hemin-treated
Group 11 revealed similar immunohistochemical
findings as the normal control group Figs. (2D-F).
In immune-stained sections from LTZ Group 111,
primary follicles revealed moderate Bax expression,
whereas growing and Graafian follicles depicted
variable Bax expression, where Bax was intense
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in granulosa cells, yet it was weak in theca cells.
Similarly, it was intensely expressed in both atretic
folliclesand follicular cysts Figs. (2G-1). On the
other hand, immune-stained sections from Group
IV depicted moderate expression in primary, grow-
ing and Graafian follicles. Y et, intense expression
was observed in atretic follicles Figs. (2J-L).

Morphometrical analysis of the mean color
intensity of Bax positive immunohistochemical
reaction revealed a significant increasein LTZ-
treated Group |11 compared with the normal control
group, while there did not show significant differ-
ence between Group IV and normal control group
(Table 3).

Bcl2 immunohistochemical staining:

Bcl 2-immunohistochemical-stained sections
from the normal control Group | revealed positive
expression of Bcl-2 in granulosacells at al follic-
ular stages, yet no immunostaining for Bcl-2 was
detected in thecal cells. In primary follicles, min-
imal expression of Bcl2 was detected. However,
intense immunostaining for Bcl-2 was observed
in growing, Graafian and atretic follicles Figs.
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(3A-C). Moreover, section from Hemin-treated
groupll revealed similar immunohistochemical
findings as the control group Figs. (3D-F). InLTZ
Group 11, Bcl-2 expression was either absent in
primary, growing and Graafian follicles or weakly
expressed in granulosa cellsin growing and Graa-
fian follicles. In contrast, atretic follicles showed

an intense staining for Bcl-2. Yet, follicular cysts
showed aweak expression of Bcl-2 Figs. (3G-I).

On the other hand, immune-stained from Group
IV depicted minimal to moderate expression of
Bcl2 in primary follicles, moderate to intense
expression in growing, Graafian and atretic follicles
Figs. (3JL).

Morphometrical analysis of the mean color
intensity of Bcl2 positive immunohistochemical
reaction revealed a significant decreasein LTZ-
treated Group |11 compared with the control group,
while a non-significant difference was recorded
between Group 1V and normal control group. More-
over, the ratio of Bax/Bcl2 was significantly in-
versed in the LTZ-treated group but was restored
to anear normal valuein Group IV (Table 3).

Table (1): Effect of LTZ and hemin on plasmatestosterone, LH and FSH.

Group | Group 11 Group 111 Group 1V
Plasmapaameters -y (n=10) (n=10) (n=10)
Testosterone (pg/ml)  14.15+0.47 14.21+0.44 25.90+2.34&b  1930+0.772b'c
LH (pg/ml) 6.76+0.30 671+0.18 1273+1568P 751+057¢
FSH (ng/ml) 3.34+008 3.28+0.13 3.99+021ab  367+0.29abc
LH/FSH ratio 2.02+0.06 2.05+0.09 3.19+0.362P  2.06+0.24c

Note:

Data are expressed as mean * SD.
a: p<0.05Vs. Group I.

b: p<0.05 Vs. Group II.

C: p<0.05Vs. Group Il1.

Table (2): Effect of LTZ and hemin on inflammatory and oxidative stress biomarkers.

Mesaured prameters o Smel el GV
Plasma adiponectin level (ng/ml) 383+026  3.78+0.37  2.39+0.32ab  2.99+0.162bC
Ovarian SIRT1 level (ng/mg protein) 531+035 520+0.37  1.73+0.272P 518+0.32c
Ovarian GST activity (U/mg protein) 46.20+2.27 46.38+2.36 28.83+.2928'b  3952+0,86ab.C
Ovarian H,02 level (nmol/gm tissue) 133+0.09  1.36+0.22  275+0.31@P 1.90+0.102PC
Ovarian relative HO-1 mRNA expression  2.05+0.04  2.08+0.17  1.22+0.292b 175+013abc

Note:

Data are expressed as mean * SD.

SIRT1: Ovarian tissue silent information regulator.
H202 : Hydrogen peroxide level.

GST : Glutathione-S-Transeferase activity.

HO-1 : Heme Oxygenase-1.

a 1 p<0.05Vs. Group I.

b . p<0.05 Vs. Group I1.

c . p<0.05 Vs. Group I11.
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Fig. (1): A) Vagina smear from estrous phase shows predominant non-nucleated cornified cells (C), few leucocytes (L)
and epithelia cells (E).

(B-P) H & E staining: (B-E) Normal control group; (B, C) Ovarian sections reveal cortex covered by germinal epithelium
(arrow) and composed of ovarian follicles at different stages of maturation; primary (p), growing (gr), and mature Graafian
follicles (G). Notice corporalutea (cl). Medulla (M) with stromal cells and blood vesselsin |oose connective tissue is observed.

(D) & Primary follicle (p) consisting of an oocyte surrounded by a single layer of squamous follicular cells, b] The growing
follicles are composed of afluid filled-cavity surrounded by follicular granulosa cells (thin arrows) and peripheral fusiform
thecafolliculi cells (thick arrows).

(E) Graafian follicleis composed of an oocyte with awell-defined zona pellucida (z), coronaradiata (c), many layers of
granulosa cells (thin arrow), and fusiform theca cells (thick arrow).

(F-G) Hemin-treated group shows ovarian follicles at different stages of maturation; primary (p), growing (gr), and mature
Graafian follicles (G) with awell-defined zona pellucida (z), coronaradiata (c), many layers of granulosa cells (thin arrow),
and fusiform theca cells (thick arrow). Notice corporalutea (cl).

(H-N) LTZ-treated group; (H,I) Multiple stages of follicular development in the ovarian cortex; multiple growing follicles
(gr), multiple Graafian follicles (G) and corpora lutea (cl), embedded within an apparently proliferated ovarian stroma.
Additionally, multiple follicular cysts (f) and many atretic follicles (a) are detected. Highly vascular medullary stromais seen
(V).

(JK) Primary follicles (p), primordial (pr) and growing follicles (gr) with numerous preantral cavities (arrow head), their
granulosa cells lining show vacuolation (notched black arrow), Notice a degenerated oocyte in one growing follicle (asterisk).

(L) Graafian follicle with signs of degeneration of oocyte (asterisk) and coronaradiata (thick arrow) surrounded by thickened
granulosa cells with signs of vacoulation (notched black arrow). Notice mixed theca interna and theca externa cells (bracket).

(M) Large cystic follicle filled with homogenous pink exudates with attenuated granulosa cell layer, where the inner cells
are flat and epithelioid (angular arrows).

(N) Atretic follicle with dilated antral cavity, thin granulosa cell layers with many apoptotic nuclei (notched white arrows),
and some granulosa cells are detached into the antral cavity (thick arrow).

(O-P) Group IV; O, P) Multiple stages of follicular development in the ovarian cortex; multiple growing (gr) and Graafian
follicles (G). Some corporalutea (cl) and few follicular cysts (f) and atretic follicles (a) are detected. Notice moderately vascular
medulla (M). [Magnifications (A, D, E, Fb, G, J, K, L, M, N X400, scale bar=50um), (B, H, O X40, scale bar=400pm) and
(C, Fa, 1, Px 100, scale bar=100 pm)].
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Fig. (2): Bax immunohistochemical staining: (A-C) Normal control Group A) Faint bax expression in primary follicles (p),
but intense expression is detected in atretic follicles (a) B) Moderate expression in growing follicles mainly in granulosa cells
(thin arrow) rather than theca cells (thick arrow). C) Moderate expression in Graafian folliclesmainly in granulosa cells (thin
arrow) rather than theca cells (thick arrow).

(D-F) Hemin-treated group shows similar findings as control group (respectively).

(G-1) LTZ-treated group G) Moderate expression in primary follicles (p), intense expression in growing (gr), Graafian (G)
and atretic (@) follicles mainly in granulosa cells (thin arrows) rather than theca cells (thick arrows).

(H) Intense expression in Grafian follicles mainly in granulosa cells (thin arrow) rather than theca cells (thick arrow).
(I) Moderate to intense expression in follicular cyst.

(JL) Group 1V J) Moderate expression in Primary follicles (p), intense expression in atretic follicles (a).

(K) Moderate expression in growing folliclesin granulosa cells (thin arrow) rather than theca cells (thick arrow).

(L) Moderate expression in Graafian folliclesin granulosa cells (thin arrow) rather than theca cells (thick arrow). [Magnification
X400, scale bar=50um].
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Fig. (3): Bcl2 immunohistochemical staining: (A-C) Normal control Group A) Minimal Bcl2 expression in Primary follicles
(p), intense expression in Growing follicles (gr) mainly in granular cells (thin arrow) rather than theca cells (thick arrow).

(B,C) Intense expression in Graafian and atretic follicles (respectively) mainly in granular cells (thin arrow) rather than
theca cells (thick arrow).

(D-F) Hemin-treated group shows similar findings as normal control group (respectively).

(G-1) LTZ-treated group G) Faint/weak expression in Primary (p), growing (gr) follicles mainly in granulosa cells (thin
arrow) but intense in atretic follicles (a).

(H) Faint expression in Graafian follicles mainly in granulosa cells (thin arrow).

() Weak expression in follicular cyst.

(L) Group 1V J) Minimal expression in primary follicles (p), moderate expression in atretic follicles (a).
(K) Intense expression in growing follicles (gr).

(L) Intense expression in Graafian follicles. [Magnification X400, scale bar=50 pm].
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Table (3): Morphometrical and statistical analysis of different groups.
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Parameters Group | Group I Group 111 Group IV
Mean thickness of granular layer ( g 50.98+1.45 50.09+2.44 4356+2 142D  4891+455¢
Mean thickness of theca layer (| gL 15.87+1.05 1504+177 26.99+2.762D  18.52+4.08¢
Mean percentage of primary follicles 4681+121 46.92+1.96 41.52+3552b 41 87+7.6C
Mean percentage of growing follicles 34.77+109 34.18+1.17 16.71+211ab  31.64+508°¢
Mean percentage of atretic follicles 1842013 18.66+0.93 21.34+1.028b  1522+4.88¢C
Mean percentage of follicular cysts 0.00 0.00 20.43+1.8820  11.27+1.29¢
Mean ratio of corporaluteato total number of follicles  0.57+0.01 0.55+0.03 0.08£0.0013P  0.43+0.02¢
Mean color intensity of Bax immunoreaction 22.87+1.99 21.81+211 34.33+3.762P 2519+521¢
Mean color intensity of Bcl2 immunoreaction 41.99+2.08 41.01*253 2811+2.092P 3802+595¢
Bax/Bcl2 ratio 0.54%£0.001 0.53+0.01 1.22¢0.03%P  0.66+0.42¢

Note:
Data are expressed as mean * SD.

a: p<0.05 Vs. Group .
b: p<0.05 Vs. Group II.

c: p<0.05 Vs. Group II1.

Discussion

According to our best knowledge, thisisthe
first study that evaluates the effects of HO-
linduction on PCOS based on the results of previ-
ous study by Gao et al., [7] which showed deficiency
of HO-1 level in patients with PCOS.

LTZ administration could induce a model of
PCOS in female rats as evidenced by histological
examination of ovaries and biochemical analysis
of plasma hormonal profiles. It significantly in-
creased testosterone level, LH and LH/FSH ratio.
LTZ isacompetitive inhibitor to aromatase enzyme
by binding to heme subunit of cytochrome p450
[17] which subseguently decreases estrogen and
increases the ovarian androgens which leads to
hyperandrogenism and abnormal follicular devel-
opment [18] . The ovarian androgen increases the
number of pycnotic granulosa cells and degenerates
oocytes [19].

Moreover, testosterone secretion by theca cells
is stimulated in this condition might be attributed
to theincrease of LH level. Pituitary production
of LH isincreased because of the decreased estro-
gen production with LTZ administration and sub-
sequently weakens the negative feedback exerted
by estrogen on LH production in pituitary gland
[4] . Increased LH and LH/FSH ratio arethe main
factors contributing to the anovulatory statein
PCOS as LH increases ovarian androgen which
suppresses follicle growth and maturation [20] .

However, concomitant administration of hemin
along with LTZ could significantly antagonize
histological and biochemical abnormalities induced
by LTZ. Hemin normalized mean thickness of
granular layer, mean thickness of thecalayer, mean
percentage of primary follicles, mean percentage
of growing follicles, mean percentage of atretic
follicles, mean percentage of follicular cysts and

mean ratio of corpora luteato total number of
follicles. These effects might be due to its ability
to significantly reduce testosterone level and nor-
malize LH and LH/FSH ratio.

In addition, the results of the present study
showed that L TZ administration decreased plasma
adiponectin level. This could be explained by
previous studies which showed that testosterone
has a down regulatory role on adiponectin secretion
[21]. While, hemin administration in the present
work showed that it could significantly increase
plasma adiponectin level. Adiponectin is aprotein
secreted from adipose tissue and has insulin sensi-
tizing effects as it enhance glucose transport via
glucose transporter 4 (GLUTA4) [22], and fatty acid
oxidation [23] . Low plasma level of adiponectin
has been associated with Insulin Resistance (IR)
[24]. Moreover, previous studies proved that HO-
1 enhances insulin sensitivity and decreasesinsulin
levels [25] asit increases adiponectin level [26] and
suppresses nuclear-factor kappa B (NF-KB) and c-
Jun-N-terminal kinase (JNK) that are considered
asinsulin inhibitory pathways through its ability
to block insulin synthesis and induce IR [27]. IR
with hyperinsulinemia enhances LH and gonado-
tropin-releasing hormone (GnRH) in PCOS [2g].
Also, insulin could enhance the biosynthesis of
testosterone in theca cells by affecting the expres-
sion of low density lipoprotein cholesterol receptors
in granulosa cells [29] .

Moreover, oxidative stress is considered as one
of the possible mechanismsinvolved in increased
testosterone production in PCOS [30] . The results
of the present study showed that L TZ administration
reduced ovarian antioxidants including GST en-
zyme activity and relative HO-1 mRNA expression
and increased the ovarian oxidant . level. The
increased oxidant level may induce testosterone
production and PCOS by altering steroidogenesis
[31] . In addition, the oxidative stress inducesin-
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flammatory state that may contribute to IR and
hyperandrogenism in patients with PCOS [37].

LTZ-induced inflammatory state was proved
in the present study as L TZ decreased ovarian
SIRT1 level compared with normal control group.
SIRT1 exerts anti-inflammatory effects asit en-
hances macrophage polarization into the M2 phe-
notype with its ability to suppress inflammation
[33] . Also, it can inhibit nuclear-factor kappa B
(NF-kB) [34] and Peroxisome Proliferator-Activated
Receptor g (PPARQ) [35] . PCOS is characterized
by avicious circle of IR, oxidative stress and
chronic inflammation [32] .

In addition, LTZ administration significantly
enhanced the occurrence of apoptosisin ovarian
tissues and affected the related protein expression
asit increased Bax expression and Bax/Bcl2 ratio
but it decreased Bcl2 expression in ovarian tissue
compared with normal control group. Cell apoptosis
has an essential rolein follicular development,
oocyte degeneration, follicle selection and follicle
atresia. PCOS patients show dysregulation of cell
apoptosis [36] which could be due to dysregulation
of FSH-granular cell axis with elevation of andro-
gen level leading to impairment of follicle selection
and aggregation of small folliclesto form cysts
inside the ovary [37].

While, hemin administration in the present
study could significantly suppress L TZ-induced
oxidative stress, inflammation and apoptosis. It
increased ovarian antioxidants including GST
enzyme activity, up regulated the relative HO-1
MRNA expression, decreased the ovarian oxidant
H-,0, level, normalized Ovarian SIRT1 level, Bax
expression, Bax/Bcl2 ratio and Bcl2 expression in
ovarian tissue compared with LTZ group. Hemin
induces HO-1 that catalyzes degradation of heme
into iron, CO and Bilirubin. Iron enhances the
synthesis of ferritin and antioxidants. In addition,
CO and bilirubin suppress oxidative stress, inflam-
mation and apoptosis [27].

Conclusion:

HO-1 induction by hemin has beneficia effects
in treatment of LTZ-induced PCOS in rats through
its antioxidant, anti-inflammatory and anti-apoptotic
effects which rise up the possibility of involvement
of HO system in pathogenesis of PCOS. Future
studies are needed to evaluate the effects of hemin
on treatment of PCOS patients and compare its
effects with the standard medical treatment.
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